U. S. Department of Agriculture 
Agricultural Adjustment Administration 
East Central and Northeast Divisions 

Cartographic Section 


ECR-NER B-103 
PARTS I and Il 


PART 


AERIAL PHOTOGRAPH SCALE DETERMINATION 


OFFICE PROCEDURE 


PART 


AFRIAL PHOTOGRAPH SCALE DETERMINATION 


FIELD ENGINEERING PROCEDURE 


july 1237 


These instructions are part of a series 
designated as ECR-NER B-103, relating 
to mapping activities involving the use 


of aerial photographs. 
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These instructions follow procedure 
developed by the Tennessee Valley Authority 
for the determination of scales on single-lens 
aerial photographs used in the mapping 

| activities of the Authority since 1933. 
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PART - 


OFFICE PROCEDURE 


RECOMMENDATIONS FOR OFFICE PROCEDURE 


AERIAL PHOTOGRAPH SCALE=CHECKING PROGRAM 


INTRODUCTION 


The purpose of scale=checking, or, more properly, scale determina- 
ta0n, is to secure=raticos., for making photographic prints to any 
desired scalce In order to do this, the scale of the contact prints 
must be determined by finding the relation between the ground length 
and the photographic length of selected lines. Since a photograph 
has a different scale at each point of different elevation, the 


ground elevations of the lincs must be founde 


In order that the program may be exccuted with the greatest cconomy, 


it must be carefully planned so that the ficld work necessary to 


obtain these ground distances and clevations is reduced to a minimum 
This is accomplished by utilizing all available cxisting information 


and by judicious selection of the scale~check photos and lines. 


Tho necessary photographic measurements are made on the contact 


_.prints. It is preferable that the contact prints be on & non-shrink 


base so that they will be the same size as the film from which the 


ratiocd prints are madce 


A photo-index on a scale of about one inch to a mile is essential 


in the planning and carrying out of the programe 


THE OFFICE OPERATIONS 


Tho office work is divided into three parts; namely, * 
t, Planning the Program 
Ile Office Methods for Obtaining Ground Distances and Elevations 


TIIe Scale=-Check Computations 
Ie PLANNING THE PROGRAM 


Ae Study of Existing Information 
The first. step in setting up a scale=check program for a given 
arca is the study of 211 types of available horizontal and 


yortical control which may bo used to climinate or reduce the 


ficld work involved in gotting ground distances and clovations. 


In*most arcas at least onc of the following types of control 
data will be available: 
le Existing traverse nots (UsSeGeSe, UsSeCe and GeSey 
ctce ) 


2. Railroad and highway plans (large scalc ) 


Tho location of available information of this type should be 


shown by suitable symbols on the photo-indiccse 


Any oxisting maps of scale 1" =. 2000! om larger, such as 
UeS eleDe river surveys, planimctric maps, and, in somo states, 
public land surveys, should be securcd, as ground distances 


for scalo=checking may be scaled directly from such mapSe 


All topographic maps and othor data which give clevations of ©® 


the terrain in the photographed arca should be obtained. The 


o 


location of all known or identifiable bench marks and level 
lines should be shown on the ‘photo-iiidex. 


, B. Frequency of Scale Checks 


, 


A rapid check of the tilt and scale quality of the meee in 
an area, by close examination of tho indox and by Making scaic 
comparisons of adjoining photos, will indicate the necessary 
frequency of scale checks. Flights with photos of uniform 
scale and small tilt usually require scale-checks on about 
every Glighth or tenth photograph, and flights -having photos 

of widely varying scales and large tilts mey require scale- 
checks on nearly cvery photograph. Methods for examining the 


photographs for these qualities are discussed in Appendix A. 


In general, scale-check prints shoild be sclected on an average 
Or about 1 srint 3m °5, with ney more than 2 or S over-hanging 
photos left at the ends of the flight, andnot less than 2 
scale-chccks in any flight. Flight "breaks ," points where the 
fiying 1S mot convinucus ; mist be treated the same as the ends 
of flights. All such breaks should be clearly marked on the 
index. 

Another consideration in determining the frequency of scale- 
checks is the cost of obtaining them. When it is possible to 
get the necessary ground information in the office, or by an 
inexpensive field mothod such as automobile speedometer mcasure- 
ment, it may be advantageous to scale-check at frequent intervals, 
rather than trensfer ratios over long distances between the 


seale-check photos. 


Ce 


When Seihay eatemtes photos and/or giternate flights are to be 
enlarged, ey ee be chosen before the scale-chocks are 

sclectod, so that the required number of scale-checks will be 
roeduccd to a minimum. In selecting the photos to be enlarged, 


badly tilted prints should be avoided so far as possible. 


Selection of the Scale=Check Photographs 
The selection of scale-check photographs is made on the photo- 
indexe As cach photo is selected it should be marked on the 


index as a guide to the location of the remaining scale-checkse 
(2) 


A transparent template showing the outline of a photo at the 
Scale of the index should be made so that the boundaries of 
each photo being studie@ may bo found. The contact print 

should be used for detailed study of the photo's suitability 


for scalescheckinge 


The selection of photos for scale-checking should be based on 
the following considerations: 
le The photo must have good image-points suited to the 
most advantageous placement of the scale-check lines 
as described in the following sectione 
2. Preference should be given to photos on which the 
cost of scale-checking can be reduced by the use of 
existing information, 

3. Photos on which the scale-cheek points can be coordi- 
nated with their correct geodetic positions should be 
cha ate possible, because of the value of 
such points as control in any future mapping program. 
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Scale=check photos in overlapping flights should be 


adjacent, so that some of the scale-check lines will 


serve both flights. 
When three edjoining. flights have about the same scale 
and good. side overlap, it may be possible to climinate 


some. scale=chocks. by transferring scales to the center 


flight from the other twoe 


Badly tilted photographs, which are to be enlarged, 
should be scale=checked so that the necessary infor- 
mation for making "restored" prints will be available 
if it is found desirable to use such data. 
In sclccting tho scalo-check photos that are to be 
sont to the ficld, it should be kept in mind thats: 
Nee (oe verrosn DC voon the terminals of a 
scale-chock linc, which is’ to be moasured 
by the ficld party, should be as open as 
possible. In this way a minimum number 
of soteups aa o rdnimrt amour of lino- 
clearing will be necessarys 
Desmelice Lance shouldbe located in an ares 


which is readily accessible to the field 


party e 


Selection of Scalo=Chock Lincs 


Tho image=points uscd as the torminals of scale=check lines 


must bo sharp and definitee Tho typo of points which are de- 


sirablc as  scalo-check points is discussed at length in the 


instructions for ficld works, ‘The terminals of lines which are 
__ obtained in the office should be, as far as possible, the same 


type imogese 


Scale=check Lines to be moasured inthe ficld should be selcec= 
ted in the office ond indicated on tho contact prints by 
circling the approximate positions of the line terminals with 
Nchina=marking" pencils. These circles should be ee to a? 
jn diameter and should encircle several possible image points, 
leaving the selection and pricking of the actual image-point 
to the field mene Scale~check lines between non-coordinated 
images should be shown by drawing a straight line between the 


chinasmarking circlcse 


All scale=check lines requested from the ficld should be 
marked by, suitable symbols on two photo~indiccs, one of which 
should accompany the scale-check photos to the field. China- 
marking pencils may be used to indicate requested lines and 


coordinated points. 


Bach scale“chock photo should have from 1 to 3 scale-check 
lines, with a minimum length of 2 inches on the photo and 
3000 on the ground. Of course, where the ground distances 
are to be obtained from existing traverse lines and the length 
of tho line does not sffect the cost, the limes should be made 


as long as possible. 


Practically all photos have enough tilt to cause the scales 


and cnlarging ratios to vary considerably across the printe 


Tho scale at the principal point (optical conter) is verynearly 


va 


@ 


the average scale of the photograph.and should be used in 


determining ratios. 


Any scalescheck line gives the scale of the photo at only one. 
point which may be called ae scale=point, The Scale-point lies 
on the scale=check line Or. &n extension of it. The center point 


of the pesle—oheck ‘line is + midway between the scale=point and 


the intersection of ‘the scale-check, line with a perpendicular 


dropped (et AG ae ees eeddaie from the 


iso-center). 
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Figure 1 is a sketch of a typical scale=check Boros showing 
three scale~check lines, dines 1-2, 3—4, 5-6), Thee principal 
point (P.P.), and the scale-points (A, B, and C)-of the given 


lines. 


Following this principle the scale-cherk .lines. should be placed 


according to the number of lines to the print as. follows; 


Ile 


One linc « The scalo-point must be vory close to the 


principal pointe % 


Two lines= The lines should be so placed chet o. ie 
connecting their seale*points passcs through, 
or close to, the principal point, and their 
scalc-points should be as widely separated 
as conveniently possiblee 

Three linces-The lines should be so placed thet, therm 
scalc=points form a triangle as large and 
as nearly cquilatcral as possible. Great 
care shoubd be taken to keep the three 
sesle=points from falling in 0 straight 
Lines 

Badly tilted photos should have a minimum of three lines veo 
that it will be possible to compute the amount of the tilt by 


the method given in Appendix Be 


The first and last scaleecheck and alternate intermediate scale 
check photos in a fight should have three scale=check lines, 
or should have at least two strong lines so placed that a line 
connecting their scale-points passes close to the PP. and is 
parallcol to the line of flight. The remaining scale-checks 
may have only one linc. 
OFFICE METHODS FOR OBTAINING GROJND DISTANCES AND ELEVATIONS 
It must be kept in mind that each of the several steps in the com- 
puting of ratios introduces smll crrors which may at times be e 


additives For 


this reason eWery possiolis effort should be meda to keen the 


of e@ch step to a miaicun. 


Jround distsnces meo:sured vy tae end transis motnods, & 


ee IG OM 


in the isstrauctions ror field work, shoulda heve sn ScCuracy OL 


1: 1000. Distercss obtcined in the office from railrosd and hi.sh- 


way Dlens, snd other larvo SCalc os Will not oe as accurate, but 


may be within the limits of reqilrements for the work. 


fa chodsing betwosn thse various methods, th: relative accuracy aawa 


cost of zach m:thod should bd; carcfully wei vhed. 


sincs the vrsecdure to pa tOllowed, in the field ie “iven in 


the 


imstructiou for field Work, only the information which should De 


supplied to the fisle party by the office will bse montionad here. 


The field perty should he Supplied with: 


is, “A photo-lAdex ena contact prints snowins tho SB OeOp.clinsine. 
+ > jie 


loention of -11 reouucsted scele-check lines. Tho names 


Of Sthe princi nos. touns. streavs, reilroads, and hizhvsys 


should SS Orie the wads. 


lines sad bench marks which they are to use, ineludin 


thoy Vlocutio.. Of the Madox “nd other convanie 


ae <All aveilable information cOneCernins existin: traver 


Se 
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nt mos, 


descrintions «nd sketches of the locations of the mona- 


monts snd hubs. 


All comynutations necessary to secure line-lenaths snd point 


coordinates from the ficld aotes should be msde in the office. 


office Operations 


1. 


be 


7 . 2 - “3 sk ns el biel 
Ground distances may be obtained direc 
scale maps by scaling. 

Many railroad and highway structures, such as sw: 


points, bridge and trestle ends, large culverts, | 


The ground distances between such points may be fe 


without recourse to ficld work by utilizing the curve © 
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notes and "plus diffcrences" given on the plans. 
Structures, shown on the plans, which cannot be posi- | 
tively identi 1ed on the photograph in the office 

should be identified in the field. The field party 


- 


should be furnished with a sketch of that portion of 


7 


7 
the plans on which the point is located, a description 


of the point, and the approximate position of the point | 
on the photo. The ficld party may find it advantagcous — 


to use the requested structure as a hub and tie in by 


spur traverse some ncarby identifiable point. 


Railroad plans usually show more identifiable stru 
than do highway plans, and they are eonerally more 


factory. 


B. Offic °_ Operations for Obtaining Ground Elevations 
The need for fround elevations in gettin: photographic scales 
depends on the topograpry of the photegraphed area,* and the 
flying height of the plane. The change of photographic scale 
due to differences of ground elevation varies inversely with 
oe ee ioe For example, an elevation difference of 
100" will cause a scale chan-e of 1% if the flying heicht is 
10,000", and only 1/2% if the flying heicht is 20,000'. For 
a pe ee flying height, the scale varics directly as the eleva- 
tion difference. To be somewhat comparable with the accuracy 
required for ground distances, ground elevations should be 
considered when the photocraphed area has elevation differences 


exceeding one half per cent of the flying heignt. 


gf 
Ween the nature of the terrain makes it necessarv to consider 
grouna clevations, it is convenient to assunc a common datum 
elevation: for the photographed area; ©avio all photos. to rive 
the desired scale at this datum elevation, and then chanre the 
ratio of cach separate photo to the average elevation of that 
photo. Obviously, it may sometimes be desirable to make two 
or more prints of cach photo, ratioine each print to the @leva- 
tion of some part of the photo. 
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*Nots: If ovory photo to be ratioed is to bo scale-checked (es is some- 
times done in relatively flat sectionalized areas suitcd to the use of 
automobile scale-checks), ut o relative elevation of various points on 
each photo is the determining factor. 


Elevations of all scale-check line terminals must be obtained 

so that the elevation at which the scale of the line applies 

will be known. These elevations may be taken from existing 
topographic maps and railroad or highway profiles. When no 

such maps are available, barometric leveling, as Geseripeamra 

the field instructions, should be used. The location of existing 
bench marks and level stations which may be used as a base in 
running barometric levels should be furnished to the field 


partics on a photo index and other convenicnt maps. 


The average clevations of intervening photos between scale- 
checks may be most casily obtained from topographic sheets 


(such as USGS contoured Quadrangle sheets). 


When such maps are not available, the average clevation may be 
found from a stereoscopic study of the photos. In making this 
study, without the instruments for measuring parallax, it will 
be necessary to have frequent spot elevations. A preliminary 
stercoscopic study of the area should be made to determine the 


location of these spot elevations, 


The elevations of scale=-check line terminals will furnish some 
of the necessary elevations. Points where additional spot 
elevations will be necded should be marked on the index and 
contact prints and requested from the ficld along with the other 


scale-check information, 


ae 
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IiI. SCALE-CHECK COMPUTATIONS 
A, Preparation of Photos 
The field parties will furnis’ the following data on scale-checks 
made by them: 
1. On the face of the photo, the images of scale-check 
line terminals will be pricked and circled. 
2. On the back of the photo the approximate position of 
the lines will be shown, and the descriptions and 


elevations of the line terminals will be given. 


Gs 


The data necessary for the determination of rfround 
distances will be given in field notes accompanving 


the photograph. 


As soon as the scale-check photos are returned to the of fice from 

the field, each scale-check point should be examined to see 

whether or not the image pricked agrees with the description 
given for it. No image improperly marked or described should 


be used for ratio determination. 


Photos scale-checked in the office should show the same infor- 


mation as those scale-checked in the field. 


For ratio computation purposes, positions of the image points 
should be accurately transferred to the backs of the Prints, 

Pn ine office, by holdings the photo against a light source and 
placing the tip of a pencil behind the pricked image. A pencil 
dot should be made at that position; never prick through an 
image, as enlarging the pricked hole Gestrovs the value of 4 
sharp image. 
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All transfers of lines from one photo to another should be 
made am che Ofl ies, — To ata this transfer and to preserve 
a record of the scale-check data obtained, the exact position 
of the lines should be marked in “ink be the photo index. The 


following symbols may be used for this index: 


Coordinated point- Ink circle 0,2" diameter with point 
number in the same ee Inks ie Jak be convenient to 
designate such eis Ae the number of the photo on which 
the point was secured. 


Non=-coordinated lino= Ink circle 0.1" diameter at cach 


terminal, Connect terminals with the same color ink line 
and write number of photo on which the scale-check origin- 


ally appears along this line. 


Lines obtained in the office should also be shown on the 
oifice index, but they should be distinguished from those ob- 


tained in the field by the use of contrasting colors. 


Nomenclature 


In the discussion of scale-check computation procedure the 
following nomenclature will be uscd: 
L = Ground length of scale=check line (feet) 
P = Photographic length of scale-chock line (inches) 
S = Scale (fect per inch) 
S| = Photographic scale é 
S_ = Datum scale 


oF - Desired scale 


A 


¥ @ Elevation of high terminnl of line 
tp Ss Eicvabion of Low terminal of linc 

Yo = Equivelent clevation of the linc* 

Yn = Average elevation of photo 


f s« Focal longth of camera lens (inches) 


=e) 
uM 


PaVIeGnOieliG sf 6 
x se Distance in inches botieon tho high terminal of the 
dine and the foot of the porpendicular to tho Lime 
from tho principal point. 
Ra -« Retio of onlangemont or reduction for datum 
GAL en szelavltenat 
Ra = Ratio of cnlargomont or reduction f or clevation Y¥p 
The distance "p" should be measured between the sisbalzetl points 
by Using a scale grecuatcd im hundredths of an inch and cstimaging 
the reading oO the nenross thousandth or an inch with the oid os 
lens. “TO avoid pereilos tne scalc should bo held-av an angle 
Of 2bouL GUM With the photo and the reading medo by signting the 
Drickod imac along the groduation morkors.s. Theypricked points 


should be illwainetcd by placing the photo on a light table, 


Comstruccion Jinces for obtaining x should be drawn on the beck 


— 


of tho photo and x moasured, with just sufficiont accuracy to 
make the computed valuc of Yo correct to the nearcst five or 


com FOOT. 


¥Notes The cquivalont clevation of « scale-check Linco which hes unequal — 
torminal .clovations is the clovation at which a level linc in the: same 
horizontal ground position would have to be placed so that the photo- 
graphic lengths of the two lines would be the samc on any given photo- 
graphe In Ouicr words, uno equavalcomc eClovyation 1s the clovetion. ac 
which the photographic scalo proveils. 
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Ce Ratios for Seclo~Chook 


cane: Mes ke 
ck Photos © - 
Formulas: or | | 
ie ) Sete 
P 
20, i ed 


x is negative when the high. terminal ae the linc 


we 
~ M ~ 


between the low torminal and the foot of the perp 


vlar from the principal points and is positive for 


other positions » 


- 


After Rg has been computed for cach linc, the scale-points shot 


a 


be located on the back of the photo and joined by straight li 


The ratios (Rq) apply at the scalo-points. 


I? the field work and computations are corrects any -differene 
between these ratios is duc to tilte** Since the ratio chang: 
caused by tilt vary as a straight lime a any direction, tho 


ratio at any point on the photo may be found by straight lino 


interpolatione 


*Note: Sce Appondix B for limitations of this formulde 


**Note: When ony line on the photo gives a ratio differing greatly 
those given by othor lincs on the photos, the photo should be car 
cheeked for tilt by the scale comparison methods If this test do 
show evidence of tilt sufficient to cause the ratio differe ces $s 
by the scale-check lines, the ground distances and clevé 
reechecked. It should be kept in mind that field work 
and no photo should be sent back to the field for checkir ae 
“possible means of locating the error in the office ha been © 


ig. 


Example: 


\ 


' Figure 2 


Line 1-2 (Fige 2) 


ies, 000! 
P= 3,704" 
Sie ee! 

Yo (= 500% 

x # +0,6" 
f «= 8,000" 


St «0 1320! per inch 


Yq = 600% 
Ba DOCU A iano, ih 
P  B.704 <> | 
4#0.6 (600 - 500) = 1 
Ye = 500 +—z—7 . Ear 2) 
Sq = 1350 + 515 : 600 = 1339 (3) 
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13.69 
Ra = T3200 = 1,014 (4) e 

This ratio applies at the scale point A- 

The ratios for lines 3-4 and 5-6 are found in the same manmer 


and apply at B and C, respectively. These ratios were found 


to be 


rT 
Bie 
e- 
S) 
i) 
oO 
r 


Line (3-4); Rg s 


i 
a) 
e 
O 
© 
Box! 


Line (5*6)) Rg 


‘é 
Figure i) 
Figure 3 shows the scale points A, B, and C, which were prev~- 
jously shown in Figure 1, connected by straight lines to form 
a triangles -t e 


The point "M" is found by the intersection of the dashed line 
drawn through B and the principal point (0) with the line ACs 
Line AB = 8,25" 
MB = 3252" 
MC = 4,9" 
OC = 2.8" : © 


Using these values R() (the ratio of the principal point) may 


be found by straight line interpolation as follows: 
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1,000 # ibe0l4 = 16000) (3,52) = 1,006 


Saye 5.25 
Poy = 1.000;t ene (268) = 1,005 


Ged 
De Ratios on Intervening Photos Botywoon Scale=Checks 
it the preliminary check of the rolative scales of the photographs 
has indicated that a uniform flying height has foes maintained 
throughout « flight, datum ratios for intervening prints between 


scale=check photos may bo intcrpolated on a straight linc basise 


When the flying height is not uniform, the ratio transfer should 


be made by a "scale comparison traverse" from photo to photos 


The lines chosen for this comparison are Hho same as doseribed 
in ‘the test for tip (in Appendix A), perpendicular to the air 
base and lying near the principal points of adjoining photose 
ee those lines at the scale points (which should 

lic on the connecting air basc) are found from the ratio vari= 
ation on-the photo by interpolation (or by cxtrapolation, if 
necessary)e This computation can only be made on photos having 
three scale=check lines or at Tec lines whose scale points 
lic in the lino of flighte* The ratio betwoon the longths of 
the lincs on the scalce=-chock photo and the photo next in linc, 
Mupoiplicds by tie rauio, of che Lincs on the first photo, gives 
tho ratio of thc lincos on the sccond photo. Those ratios are 


i RS 


*Note: When it is‘not possible to find the true ratios for the scale 
comparison lines on the initial photo of the traverse, both ratios may 
be assured to be the samo cs the principal point ratio. If this assump- 
tion is wrong, tho traverse will not close and must be adjusted. 
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then projected to the next pair of scale comparison lines, and € 
carried forward until the. noxt scale-check is reachede This 

ratio traverse Ritcicic, s caesn Sa oheek into the scale=check 

data of the next scalc-check, and should it not, the, traverse 

must be adjusted. The adjustment is made on 2 straight line 
basis, giving equal woights to cach ratio in the traversce 


Examples 


— 


Figure 4 


Figure 4 shows oa pair of overlapping photos with the scale 


comparison lincs 1, 1*, 2, and 2%. : & 
Photo 1 Line 1 = 8668, Ry = 1.005 
2 = 76580 Ro = 12007 


iO 


Photo Scale-Check 
Number Ratio a Ratios _ 
1 1.005 , 
2 16 Os: 
3 1.008 
4 HeOke 
rs) Te0L0 
6 de Oro igens 


Photo 2 Line 1! = 8,050 


Zl tee eos 
R,' = 8.068 x 1.005 = 1,007: . 
8.050 : 
Rot = 7,580 x 1.007 = 4, o09 
1 iat 


The following table shows the results of a scale comparison 


traverse and the adjusted ratios. 


Transferred 


Correction 


Final 


Ratios 


1,005 
1.010 
1,010 
1.015 
US ee: 


1.015 


In practice it will usually be sufficiently accurate to estimate 


these changes from photo to photo by flip matching of images. 


Since, in this method, it is dosirable to work with ratios near 


unity, the mean scale of the contact prints should be used for 


Sy in obtaining datum ratios. 


Ratios for Average Elevation of Photo 


After datum ratios: (Rg) have been obtained for all photos, ground 


ratios (R,), necessary to make a ratioed print of the desired 


scale at the average elevation of the photo, should be found. 


ape. 


Fe 


Ra 2 Rg t 


where Hi = fS; is a constant for given valucs of f and Sy. 


Example ¢ 


Rq = 12010 
Yq = 600? 
Y, = 800% 
H, = 8,000 x 1320 = 10560! 
600 = 800 
Ro = 1,010 # THEE = (040991 
Yq- Yy 


In practice may be found mentally with ® sufficient 


aaa 
ACCULACYe 
Nib=-Distances for Making Ratioed Prints 
The distance between tho camera colination markers (commonly | 
called "nibs") is called the contact nibedistance, and is con= 
stant for all photos made with a given camera. The ratioed nib- 
distance, which is cqual to tho contact nib-distance multiplicd 
by the ratio Ry, is the distance that the nibsiwill=bo aparoeam 
the ratlood sprinte 
Examples 

hays Geog! 

Contact nib-distance = 8.920 

Ratiocd nib-distanco = 82920 x 0.991 = 8,840 
Ratioed nib-distanccs provide © convenient means for making 
retiocd prints and should be scntica the photographer in the 


place of ratios. 
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If a non-shrink paper, such as Positype, is used for the 
contaet prints, a constant contact nib-distence measured 
on the film may be used; but if the contact OPiS ire 
made on paper which may differ in size from the fi lay 

the contact nib-distance should be measured on each photo- 


graph. 


Recording the Results of Computations 

Plates 1 and 2 show the forms necessary to record the 
results of the computations. The last column on Plate a 
is used to record the actual nib-distance on the enlarged 


PrInvs:. 


PEG; 


APPENDIX A 


paminayion, of-Fhotosy Don Til trend’seadio fina iy 
In the following discussion the component of tilt cbout en axis peeaLlion 


to the line of flight will be callea list, and the component about en 


axis perpendiculer to tho linc of flight will bo erlled tip. 


When « photograph has list, the area photographed is moved in « direction 
perpendicular to the line of flight, causing the photo to be set out of 
the flight eae Beeause 0} this offset or "throw," these photos can 
be casily picked out by examination of the photo index, unless the off- 


scbeiscobsouredpby "era. ” 


Assuming that the plene flew in a streight line for three consecutive 
exposures, the throw, (iW), of the principal point of the center photo 
from a straight linc connceting the first and third photo centers, 

divided by the focel longth (f) of tho camere lens equels the tangent 


\ Th eh Cao eee 


of tho angle of list (9 cles 
& 1 ‘a 


L 


The throw duc to tip hes the effect of eporrently lengthening or shortening 
the air base between successive photos. Air-base lengths cre usually so 


variable thet this test for tip is scldom of much value. 


Any large variation in scale between edjoining photos will be revceled 


by the seale comparison method described below. 


In the scale comparison method, images on adjoining photos are super- 
imposed by "flickcring" one photo above the other and examination is 
‘made for im ge displecoments or scale changes. In the test for list, two 


adjoining photos are matched elon; their common cir-base. With the photos 


in this position, any rcletivo displacement of imeges perpondiculer to 
the eir-exse indicates that the two photos are tilted with rospoet to 
each other. The emount of this displacement (L) virics approximately 
as the degree of tilt, the square of the distence (A) of the imege from 
the air-base, end inversely as the focel length (f) of the lens. An 


idea of the magnitude of this displacement is given in the following 


example: 


on e) = ioe 
mien (6-5 py ste = 1 25" and. seas" 


E = £0.04" on the “ragsed" side of the photo 


ut 


E = -0.06" on the "depressed" side of the photo 


Tip is checked by comparison of scale differences along two lines taken 
a I 

perpendicular to the air-base and passing near the respective principal 
points of the two photos. If the two exposures were made at different 
fiying heights, the scales on the two photos will be different; but if 
the photos are level, the scale differcnees betveen respective lines on 
the two photos will be the same. ‘When this condition does not hold 

be) 


relative tip is indicated. 


Q 
ie 
= 
ay 
ju 
Q, 


The amount of this tip mav be judged by following the principl 

Coven appcndix © for finding tilt from ratio variation. 

By assuming (as is usually truc) that most of the vhotos in e Flight 
a 


Strip sarc mearly level, it is posgible, with the use of these tests, 


wo Prick out those photos which arc badlv tiltcd, 


APVENDIZ B 


Limitation of Y Formula 
ae Ree gh: Cc , 


When the clevation difference of the line terminals 1 


ney e Yo = 0.0447 


Pil 


Q 


. 
a 


S greater than; 


where Q is the perpendicular distance from the principal point to the 


scalc-check linc, a correction must be applied to the value: 


Yo oe 


wr 


Correction to be Applicd to 4d 


oe 


To obtein the correctcd value 


posit < 
aa 


16 correction: 


(Note that the correctidual value KH is 


Then: 


the equivalent elevation, 


always negative. ) 


apply 


APPENDIX C 

Tilt Doetormination by Ratio Variation 
The “gerne of the amount of tilt in a photo is a dimple computation 
whon the ratios at various scale-points arc known. Three scale-point 
ratios are needed to determine the amount and direction of the total tilt, 
but two scalc-point ratios are sufficient to dotormine tho tilt component 
about an axis porpendideular to the linc joining them; the ratios of the 
“scale comparison lines used in transferring ratios from photo to photo 
arc sufficient to determine the tip, of the photose 
The angle of tilt (@) is given by the formula 

POdneC Lear 
where R is the rato change of ratio. 
The axis of total tilt is a line of constant scale and is parallel to all 
lines of constant scale on the photos Any line drawn through two points 


of equal scale is a line of constant scale. 
The direction of maximum scale change is obviously at right angles’ to the 
direction of no scale changce 


Tt is conveniont to work with ratios rather than scalcs. 


Example: 


Figure I shows three scale-points Vee by ond Cc) soined by straight lines 


fe) 
a 

ae) 

zo) 


to form a ratio.triangle. The ratic and Rare 0.990, 1.000, end 
1.005, respectively. 


e 


Point D was found by; intervolation between A and C, so thet 
aegis 
D 3 1.000 


Line BD, then, is.a line -of constent scale and is parallel to the gre Ge 


Line EG is drawn perpendicular to line BD and is parallel to the 


dircetion of maximum ratio change R 


R R 
= hE C a BE - OOS — IL ALOLOXO) -— 
tan Q =f ORS Oe a ee 
: : EC au 3 85 
gme0? <—50), Z 


The nadir point and iso-centor lic on the principal line, which is the 
linc through the principal point perpendicular to the tilt axis. Their 
respective distances from the prineipel point ares 

Principal point to nadir point = f tan 9 


. Principal point to iso-center 


i 
a 
cot 
a3) 
ix 

ni o 


Their direction from the principal point is toward the smeller ratios; 


that is, in the dircetion in which R is minus. 


Theoretically, the perpendiculars used in determining equivalent elevations 
end seale-point positions should be dropped from the nadir point and the 
$ : 


iso-centcr respectively. 


To obtain 2 closer veluce of the tilt engle, a second tilt determination 
should be mede using cquivetont..clevations ‘and scelce-point positions 
Which heave been corrected by dropping the perpendiculsrs as described 


above. 
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INSTRUCTIONS FOR SCALE-CHECKING AERIAL PYOTOGRAPTS 


Definition and Purpose. 


The term "scale-checking," as used in this instruction, may be more 
properly described as "scale-determination." In other words, the 
purpose of this work is not to check the scales of photographs,. but 
rather to determine the scales of photographs. Another purpose, no 
less important, is to identify ground control points (points for which 
plane coordinates have been determined) for use in controlling maps 
Which may be compiled from the photographs. As much as possible, the 
field work will be planned so that these two purposes are both satis- 
fied with one field operation. 


The scale determination is necessary for computing "ratios" for making 
ratioed prints, reductions or enlargements to any desired seale, ithe 

use of plane coordinates of points is for scale-checking as well as possi- 
ble future use as control for the laying of aerial photograph mosaic maps 
or other planimetric maps. 


Materials and Information Supplied to Field Party. 


en te te pr an SY GE wpe sapere a eee 


1) Index map of photographs on which the office has indicated by suitable 
} p p grap Ns 
symbol, in crayon, the following: 


(a) The approximate location of each point to be coordinated, by a 
red crayon circle. 


(b) The photographs on which distance scale-checks only, are desired, 
will be indicated by red crayon circles connected by a red crayon 
line at the approximate position at which the scale-check'is de- 
sired, 


(c) The approximate locations of all traverse control lines bench- 
marks, highways upon which plans are available, and railroads 
for which right-of-ways maps are available, distinguishing be- 
tween the different types of traverse by suitable symbol. 


(Amine: of descriptions, coordinates, survey notes and clevations on all 
available traverse and level points, and prints of highways and rail- 
roads within the area to be worked. 


(3) The necessary instrumental equipment includes a light transit, steel 
tapes*, finely-pointed plotting needles, magnifying glass for plotting 


It is believed by the writer that the increased speed and accuracy, 
which could be obtained by using 500! tapes, will more than off-set 
the cost of purchasing 500! tapes, and it is recommended that each 
field party be furnished with 3/16" 500! tape, and tape grips. 


Se 
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work, and duplicating field notebooks. x 
Selecting the Scale-Check Points. 


This is perhaps the most important step in the entire program, 
men must always strive for a sharp, fine, clvarly defined point whic 

be plotted on any of the adjoining photographs from description alone. 
The following are typical of what may be considered good points: 


(1) Intersection of fences, when not obscured by shadows. (Note: | 
Well defined hedgerow almost as good as fence.) 


(2) Corners of buildings, when not obscured by shadows, always specify 
by directions which corner was used, and noting also whether the 
point used was at the roof or at the ground. (Try to avoid using — 
corners of high buildings. Be sure to plot the corner of the build 
or the roof, and not its shadow. ) 


and fences, 


(4) Isolated small trees or bushes, (In using a tree, be sure to plot 
the center of tree itself, and not its shadow. 


5 Well defined structures along a ood road or railroad, ao ae ae 
& & 
of bridge, large culvert, etc. 


(6) Transmission line towers. (Be sure to spot the base and not the in- 
clined image, ) 


Points which are formed by the intersection of lines will, in genera! 
be more likely to show on all photographs than those points which sh 
as a dot. Intersections of lines should make an angle of at least 


however. Thus, fences, reads, etc., that intersect at angles of less 
than 45° should be used with eaution. The e points to be used should 


be first selected on the photograph, , and | then identified on the se? 


Where several scale-check points are available, strive to seleet t 
best point. [It is poor praetice to try to save a few hundred feet 
traverse or taping by seleeting one of the less desirable points. 
Typical poor points which should not be used so long as better 


* Duplicating field notebooks similar to K. é Ee PSGID pene 
used exclusively. | 
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can be found are: 


Oe) Large intersection of roads, expeciallv where any le, of intersection 
is less than 60 degrees. 


(2) Cultivation lines, these being unreliable because of the danger of 
change, also because cultivation lines tend to fade out on enlarge- 
ments. 


(3) large trees, tree rows, or woods lines, because these features are 
usually not definite or sharp enough. 


(4) Drainage lines, such as creek intersections or sink holes, not 
definite enough. 


(5) Grass tips, because they tend to "feather out." 


(6) Any point which, while clear on one photograph, may on adjoining 
pnotogrephs be hidden by trees, buildings, or shadows. 


pricking the Points. 
Always use a finely pointed plotting needle, working under magnifving 

glass. If plotting hand is unsteady, trv steadving by resting on straight 
edge, or by using the other hand as steadving hand. Trv to ret the needle 
hole to pierce just through the emulsified surface of thc dovble-weight 
veper, out not vricking completcly through the total thicknoss of papor. 

The criterion for proper donth of noodlo prick is thet, when the photograph 
is placed on a light table, the light will shire throu h, <A fow oxpcorimcnts 
will convinee anvone thet it is possible to prick necdle holés which will 
gllow light to shine throu h without the necessity of punching all the wav 
through the double-woight paper. The pricking m-st be done while the 

hecegle is cxactly verticals . sla ting, or non-ve~ticel, necdle is likely 
to let the light come throursh in sich a wav os to causo incorrect scaling. 
The pric!cd point must, of course, be cxuetly on tho proncr image, within 
visual limits. / nerson with ,ond eves, working undor mapnifying glass, 
wita stcaly hands, should be able to »rick a point in propor position jon 
the photo raph within .002 inchs The diamctor of tho ncovdle orick should 
be botwecen .001 and .003 inch. A ;,ood necdle prick will have a diameter 
equal to the width of a fine bleck graduation linc on a seale divided 
SHrOu1UC parte per inch. 


Each point should be prickcd on one photogrioh only. Theo transfor of 
é1l1 such points to adjoiring photographs will be done as an officc operations 
As soon cs tho point is sclectcd and pricked, a smll cirelco about 1/4 inch 


+) 


in diamctcr should be drawm cround the point on tho feeo of the photogreph, 
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using red "Scripto" pencil. The photograph should then be reversed, b 
held up to the light, and a similar red circle drawn on the back of * 
the photograph. 


The point-pricking operation is, perhaps, the most painstaking operation ¥! 
of the field work, requiring a high degree of skill, and must be precisely 

and meticulously executed. It is true that some field men, because of ; 
defective eyesight or unsteady hands, will be unable to do this sort of 

plotting within the specified limit of error. Such persons should not be 
assigned to this operation. If thé chief of party is not able to do 

this work properly, one of the other men on the party should be assigned 

as field plotter. 


Descriptions of Points. “ 


Each scale-check point must be concisely but completely described. Each 
description will appear in two places, first, on the back of the photograph, ry 
secondly, in the field notes. The description in the field notes may some- 

times be made more complete than the description on the photograph. The 
description on the back of photograph must be legibly lettered or written 

near the scale=check point. 


Invpenécral, the more brief these descriptions are; the better, but no im- 


portant item should be omitted. General descriptions, such as required ; 
for a bench mark or travérse monument, are’ not réquired. The red ierayou 

circle on the face of the photograph will give the approximate location, 
sufficient to replace “the usual general déscription.) The typero: ies 

scription desired is local only, and should be just complete enough so 

that the exact point can be identified on any of the adjoining photographs, Aes 


a ne 


It is recognized that such an ideal description will not be possible am 7) 
all cases. Nevertheless, the field man should be constantly striving to 

select points which can be so described, then to write the proper descriptions 
for them. The following examples indicate the type of descriptions desired: 


(1) 


(2) 
(3) 
(4) 


"X intersection of fences.” )\('SW commer of lgardems cmcam. 


a very common 
description, ) - 
iD intersection of fences! 


"SH corner of barn at roof line." 


"Tntersection of fonee and center-line of lane," 
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/ : Doe 

(5) “Lone ecdar tree in nasturc." 

(6) “Isolated bush, central onc of “sroupof five,” 
Field Survevs for Coordinated Points. 


Within or near edith areal circled ain. crayon on.the index map, the field 

man will sclect « point, plot it, and make the necessary measurcments 

so that its coordinates can be computed. It mav happon that a traverse 
point itself is identifirble on the photo; ranh,- and can be plotted 
directly. This will seldom be the case, however, More often it will 
Pemaound that the traverse point as not directly identifiable, and “thet 

the field man has to select some point which can be identificd end plotted. 
then make the necessary anlc und distence measurements. 


if the e€esired points are locetod near oxisting troverse stations, an 
azimuth and distence tie from the nearest treverse stetion will suffice. 
Quite often moro than one course will be roquired. Such ties cre known 

oS Spur tices, because they are notcarricd through end tied to enother 
traverso stetion. Their measurements, therefore, must be carcfully 

checked to climinste mistukes. Aécordingiy, anecll-spurelines, the saped 
distances must be checked cither by stadia rcadings which are correct 

within 1% or be doublo+tapod. On long courscs, this) acerracy ‘andi stadue 
check will require intermedirte sct-ups, and it is rccommonded that stadia 
be not read over 1000 fect. The accurrey of all measurements must bo of 
eee, ori bettcr, and for lines of 1 mile or grecter (of which there will 
be verv fow) closed treverse should be used. Ansles should be measured 

by transit to the nearest minutc, roading the A-vernicr only. These angles 
must be.read on the azimith circle and shall be doubled to guard cgainst 
mistekes in reading the vernicr. A compnrss needle besring shall be recorded 
for each course. In addition to control lines of various governmentel 
agencies, highway and railrorcd control will be cevailceble in a considerable 
porvsen or the aren covered by pictures. I+ is obvious that the coardineted 
Comtrol should be used in ell cases where it is e7rnilcble since most scale- 
cheeks can thereby be hel with less work, and « furthcr edvautage will accrue 
of furnishing control for future mops et no extra cost. 


It is. true thet the railrord and highwev surveys will not be coordinated 
to. the State Projection Systom. However, these lines are to be used as 
control treverse whereever cveilable, end assumed coordinates will ecither 
be used or the traverse will be used cs a broken linc sccle-check which- 
cver the State Office deems most advisable. 
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Field Surveys for Distance ‘Seale-Checxs (ot Co ordinated). 


Tt Will be mecessary, 2 great number of times, to determine scales of 
photographs where coordinated control points are not availeble. These ! 
are termed distance -scale-checxs. The procedure is simply to tape x 
distances on the ground between selected points, called distance points 

or scale-checs teraiaals. Such points mist ve selected, deserived, and 
precisely plotted, in exactly the same manner as specified for coordinated 
~oints. The eneral location and number of these lines Will Se selected 

by the State Office and shown on the photozraphs as red circled areas ‘ 
connected by red lines, and the points to be used as terminals must be 
selected within the red circle: 


2 


Nherever possible to do so without increasing the amount of field wors 

to any appreciable extent; Lois desired that the distances be taped in 

3 straight line between the terminals so that computations may be reduced, 
<eeping in mind, however, that it is “uch cheaper to do office wors thai o 
field wor. 


If straight, clear courses for direct teping betwee. the scale-check ry 
terninals caaiot be found, the so-called '»roken case’ method should be 

used. This is simply a random traverse between the two scale-cuec* 

terminals, usinz the sams methods of making measuremen.sS as outlined for 

che 1.1000 photo controls travers, . Tach oroxen base is late reduced to 

a straizht line distance by latitude and devarture como itations. ASO. ; 
compess-acedle pearing should be read and recorded. see soecimen notes, 
Fizure o. ; 


The save accuracy is required ia the taping of distauce seale-check fines, 
nemely V:1000. “Tne taping must oe checked, by staila measurements correct 

to within 1%, or voy double-taping, whichever $s most coavenient. The 

forn of notes to be used for distance scale-checx lines is illustrated in aM 
fPizure 4. 


(a) Automobile Distence-feasuriag® 2 


fi) ~ Calibravi on tor Speedometer. The LOth wheel of th: specdometcr 
is to be taken off sndecareealiy -raduated to 1/100tn Clee 
mile. A fine wire 1s’ to>be soldered across the cunver os the 
speedometer face, and is to be used as a Cross hair in reading 
mileage. . The tires are (0. Caray, at all times, $5 pouimme oh 
cir end ar: to be driven at a constaat specd of 15 miles per 
hour while scaling pictures. Cars are to be checked agzeinst 
measured miles on surface ena zravol roads in order to obtésin 
constant corraction for spe:domewcs Teadin gS, bs es atsinst 
moasur. i mile ot hard surfaces rozds the specdometer reads O. Sar 


*Those ar2 tentative instructions to be revised after study of results of 
experiment: 1 satomobile scale-checking tests now soing made 14 Kentucky. 
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then the mileage should be multiplied by 1.013 for all distances 
measured on hard surface roads. If the mileage were to read 

1.076 for a measured mile on gravel roads, then the mileage should 
be multiplied by 0.929 to obtain the correct mileage for scale- 
checks measured on gravel or dirt roads. Distances are to be 
measured by automobile on dry roads only. 


(2) Instructions for Measuring. The points must be selected, described, 
and precisely plotted in exactly the same manner as specified for 
other scale-checks or coordineted points. Select and flag the points 
before the scale-checking is done. Pass the scale-check point and 
read the speedometer as the point is passed. Drive to tne second 
point and read the speedometer as the second point is passed while 
the car is moving. For a check, turn around and run the.scale-check 
in the opposite direction. Never start and stop on the point nor 
should the speedometer be set at zero, but rather the speedometer 
should be read on the 2 points and the difference between the two 
readings is the scale-check distance, unadjusted. These two distances 
should check to within 1%. Speedometer readings are to be made to 
1/1000th of a mile, and no distances are to be less than 2 miles. See 
iweure oO forstraverse notes. 


Elevations on Scale-Check Points. 


In order that the scale of each photograph may be determined so that the 
picture is correct for scale at a specified datum, or, in other words, to 
calculate for relief displacement of photograph images, it is necessary to 
determine an approximate elevation on each scale-check point. Such ele- 
vations should be shown to the nearest 10 feet. Elevations may be 
determined by one of several methods. “henever topographic map Sheets of 
the U. S. G. §. are available, elevations should be interpolated therefrom. 
Wherever ecluvations may be obteined from bench mar«s, highways, or rail- 
roads, vertical angles measured with a transit, using scale distances from 
the photographs or distance readings on the stadia board, may be used. Be 
sure to determine clevation for the precise point selected and plotted. For 
example, if a building corner is at roof line, determine the elevation for 
the roof line, and not for the ground. If the plotted point is the top of 

a smoke stack, determine the clevation for the top of the stack, and not the 
ground. 


Where other means of determining elevations are not available, it will be 
necessary to use aneroid barometers. Tuese aneroid barometers will have 
to be adjusted by the U. S. Bureau of Standards at Washington, D. C., 
before being used by the ficld party. Ina number of the counties there 
appears to be few bench marks. The party chief will first study the in- 
dex sheets showing the bench marks, and the scale-check locations and 
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procecd to establish barometric bench marks along the roads in such places 
as to be of the most use in determining the elevations of the photographic 
points. Set barometric bench marks at about 3 miles intervals along the 
principal roads and check back to known bench marks and adjust out the 
error. Ii: no cases shall the time interval, between taking off and tying- 
in to known bench marks, be greater than 2 hours. After the photographed 
area has been fairly well covered with berometric bench marks, the scale- 
checks are commenced. Tele off from the berometric bench marks and read 
elevations on the scale-check points, check back to barometric bench 
marks at no greater than 2-hour intervals, and adjust crrors where the 
difference is greater than 15 feet, keeping in mind that the peritodiet 
greatest change in atmosphoric pressure is between 9:30 A. M. and 2:00 
P.M. It might be well to obtain barometric elevations from 3:30 P. M. 
to the close of day in order to obtain more nearly correct clevations,. 
In reading barometric elevations, the baromcter should be laid flat in 
the shade for 5 minutes and tapped gently with the finger*2tor-3 times 
before reading. 


In some counties there may not be any bench marks. In this case a lino of 


fly levels may be run diagonally across the county. The ordinary method of 


running fly levels should be used, attempting to balance the fore and rear 
Shots, sights as great as 1000 fect being permitted. An effort should be 
made to run these levels with an error of not greater than 0.2 of a foot 
per mile. However, in case greater errors are encountered, the field men 
should not re-run the lcvel lines until the vorfice se orders, since even a 
10-foot crror across a county when adjusted out is not serious to control 


the picture VETULCa Lily. 


A great number of the counties will not have a sufficient number of thc 
clevations to obtain the datum on those prints between the scale-checked 
photographs. In those cases, the State Office should require additional 
elevations. These will be obtainca by the party chief along theo principal 


roads at l-mile intervals and spotted on the index print with rea erayon. 


How to Dosipnate the Points. 


Coordinated or scale-check points shall be designated by the number of the 
photograph followed by a capital letter as Ay BUAG Wetec, using a new set 
of letters for each photograph. The full designation of a point would 


‘then be the photograph number followcd by the point letter as: 79-A, 79-B, 


79-C, ete. 


In showing the letter of a point on either the back or face of the photograph 
show only the point-letter since the photorraph number already appears on the 


photogreph. On the fiold notes, howcver, it will be necessary to show the 
Putt designation including the photograph number. 


Traverse stations-or stations on a broken base shall be designated by 


Po alee ei iter? ae eee 


10. 


ie 
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momboers, as 1, 2, 5, 4, etc. 
Field Notes. 
Four sets of specimen field notes are shovwm on Figures 1, 2, 5, and 4. 


Figure 1 illustrates two cases of spur ties to scale-check points, the 
first being a one-course tie, the second a two-course tic. 


Figure 2 illustrates notes for 4 spur tie from railroad or highway traverse. 


Figure 3 illustrates notes for a typical case of distance scale-checks, 
where the two lines originate at a common point, but neither can be 
directly measured. 


Figure 4 illustrates notes for direct taping of distance scale-checks. 


The method of determining the elevation of cach scale-check point should 

be noted in the elevation column directly under the elévavionyiieure, “lor 
example B. L. indicates barometric leveling, U. S. G. S. indicates elevations 
interpolated from contours Of Us Gs) Gols stopeerephickmeps Svea. indicates 
vertical angles from some point of known elevation. 


The field notes should be arranged in such q way that, as much as possible, 
each photograph will have its own independent set of notes. For example, 
do not try to show the notes for two photographs on one note page. The 
original sheets of the duplicating notes for each photograph shall be 
stapled to the photograph along its edges Duplicating note books, properly 
numbered and labeled, will be assigned to each county office, or survey 
party. 


Notes on Back of Photograph. 
Information to be shown on back of photograph shall include the following: 


(1) At lower right corner, show name of party chief, date of field work, 
and book and page number of duplicating field notes. 


(2) Each scale-check point should be circled in red, Ginele to..be irom 


1/8 to 1/4 inch in diameter. 

(3) Near each scale-check point should be written: 
(a) The point letter. 
(b) The point description. 


(c) The approximate clevation. 


13.6 


14. 


While in the field, the descriptions of the scale-ch 
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Inspection of Work by District Supervisors 


Besides giving the field parties proper coaching and instructions, = 
each District Supervisor must actually inspect some of the work of 
each party chief, by taking scale-checed pictures back tepbhent eid. 
eck points 

should be reviewed for completeness and conciseness; the judgment of 
the party chief in selecting the proper points should. be.considered; 
and the field notes should be reviewed for neetness and completeness. 
The accursev of the meesurenent and elevations. elso should be tested 


S 
and inspected, by actual occasion remeasurements end new determinations 


One eo lkenialeatovalsi, 


such field inspec tion must be thorough and complete, and should cover 
approximately 25 per cent of the pictures handled by each field party 
at the beginning of the work. -After a certain amovnt of inspection, 
4¢ will be satisfactory to reduce the amovnt of checkin; on the work 
of those partics found to be doing good work,. but to increase the 
amount of inspection of those dav ihosewh cheese weak. 


Checking Notes and Computing. 

Upon completion of the ficld work, the part chief will cheek the field 
notes for their clearness and nestness: He shall pay particular 
attention to sce that the proper identification of coordinated points 
is made so that the office will heve. no trouble an: identityime aie 
stations uscd. lo computations will. be: done by the party chicf in the 
ficld, but these will bo hendled in their entirety by the DUeiemee tec. 


Records and Transmit tels. 
After tho scale-checks on any flight are eompletcd, the originaigtierd 
notes sre to be torn o7t of the note book and attached to the photo~ 
graph to which they apply, and scnt to the State Office along with a 
lettor of transmittal, which lists overy picture transmitvcd. Osa 
copies are to be retcined bythe party chief fom hiser@conde. ae. 
index map isto be sent in to: the officeererter completvonyor Goa es 
check job, and is to bo kept in good condition so that it migntapeuusce 
es o permanontsrceord of work done.) Domsha inoue folded, craeked, 
or the surfece marred in anv way. -When taken to the field, it is to 

be festened by Scotch tape to well bosrd and must alwavs be lkOpee =m. 
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FIG, 1-SPECIMEN NOTES ILLUSTRATING ONE COURSE TIE AND 
TWO COURSE TIE TO SCALE CHECK POINTS. 
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FIG. 2-SPECIMEN NOTES ILLUSTRATING SCALE CHECK TIES FROM 
HIGHWAY AND RATLROAD TRAVERSE. 
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FIG. 3-SPECIMEN NOTES ILLUSTRATING METHOD OF INDIRECT 
MEASUREMENTS BY BROKEN BASES FOR DISTANCE SCALE CHECKS. 
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' FIG. 4-SPECIMEN NOTES ILLUSTRATING METHOD OF ‘DIRECT 
TAPING FOR DISTANCE SCALE CHECKS. 
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FIG. 5-SPECIMEN NOTES [LLUSTRATING METHOD CF AUTOMOBILE 
TRAVERSE FOR SCALE CHECKS. 
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FIG. 6-BACK OF A TYPICAL SCALE CHECKED PHOTOGRAPH, 
Note: Coordinates and computed distances to be filled in by 


a 


ye 


; Moe fH 


bare 


#, 


coer 
acs aay i. 
; iP : Kae ‘as hy a) % om 


stl > nha yt 


abl 


i 
} 


ee 


—_ 


One BCR-NER B-103 
PART III 
U. S. Department of Agriculture ere NTE 
Agricultural Adjustment Administration | Yer 


Kast Central and Northeast Divisions 
Cartographic Section 


EAR hit 


USE OF AERIAL FHOTOGRAPHS IN DETURMINING PERFORMANCE 


August 1937 


These instructions are part of a series 
designated as ECR-NuR B-105, relating 


to mapping activities involving the use 


of aerial photographs. 


Sec. lL. 
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USS OF AERIAL PHOTOGRAPHS IN DETERMINING PERFORUANCE 


3] 


poic Metsrials eee 


Counties in which aerial photograpns are to be used will be provided 
the following photogrephic materials: 


ie 


(b 


SEC. a. 


FS 
ia) 


) .Photogrephs 


( 


) Photo-index eps. 


M 


Bi 
a 


’) 


) 


Tie pnotozraphs on whicn farms will be identified 

end from which acreage will be deternined, will hev 

2 scale of 1 inch equals 660 feet (2 inches ety 

one mile). At this.scale, one squere inch is equivelent 
to 10 acres end one lineal inch equals 10 chains. Tue 
area covered by each euch viotogzrapn will vary fron 3.9? 
to 8.8 square miles, the puctosraphic imare area verylas 
from approximately 14 inches by 18 inches te approxinetely 
el inches oy 27 ae depending on scele of original 
negatives. The estimations on areas to be covered by 
eaci Dante ceo are based on the use of a standard 7 inch 
y 9 incn negative. Where a 9 inch by 9 inca negative is 
used, the area covered will be vroportionately lerger. 


a) 


\ 


ior 


In some counties, the oiotozrenas + nich will be furnisned 
will have scales verying slightly fr scale cf 1 inch 
equals 660 feet. In cases whe 2 this is done, a special 
procedure will be usec Sor the computation of field areas, 
2s indicated in subsecticn (=) of Sec. 2 of ‘Part IV, 
"Instructions for Use of. the F net 


The ol.oto-index mans furnished will usually be at the 
scale of 2 inches equals 1 mile. These indexes will 

snow by serial number the relative location of pho tograons 
in the county. The index will ier serve to locate the 
phetogrepn on wnicn eny partion ar ferm appears, by the 
study of the location of \igaways, towns, railroads, 
streams, etc. 


Upon receint of photographs and indexes from the State 
office, the county office sxould checx the letters or 

transmittal amd return a signed cony of the letters of 
transmittal to the Siate office. 


Identification of Farms on Puotocrephs. 


). Before supervisors tone the photozrepis to the field to prepare 
) reports, each particinating farm should be eo on the 
photographs, if possible. To do tais, call in tne supervisor 

and the comritteemean waco is most familiar with tne ete in the 


an Ses 


Usuelly, the county agent, supervisor and one or tro 


with 


(b) 


(4) 


= 2) - 


committeemen, meeting in the office, can locate the participating 
farms. Place the name of the farm owner or operator within’ the 
boundaries of the farm, being careful not to locate the name 
where it would interfcre with the indication of the field 
boundaries. Place a number for each farm on the photograph 

with small clear figures, placed within a small circle, using 

a red pencil, Number farms 1, 2, 5, tte, on each photograph, 
starting 3 in the upper-left corner, of the photograph and numbering a 
left to right as. far as possible in order to male it (Cast Cr aue 

find the. numbers. 


In some cases 2 farm will be too large for all of the farm to 

appear within the usable area of one photograph. The farm number 
should bo placed on the photograph where the larger portion of the 
farm appears, To identify the smaller portion of the farm appearing 


on the adjoining photograph, place within the boundaries of this 
small portion the number of the photograph on which the farm is 


numbered and also the farm nuwnber. Thus:=(Photo #/212-Farm 74). 


: 


The field insvootors, visiting the farms which are undor compliance, 
CO 


should contact eachfarmer and obtain his assistance in identifying 
the farm boundary. Farm boundarics need be indicated only to the 
extent necessary for the determination of performance. In woodland, 

r otherwise uncultivated areas, other than non-crop open pasture 
land, the farm boundaries are not essential to the program, A 
considerable saving of time can be affected by not indicating the 
location of these boundaries on the photographs 


Andicating boundaries. Boundary lines that can be identified on 


the photogropn should be indicated by small arrows, placed abt right 


angles to the Line eae with the points just vouch ie the slings 
Thus s» - i 


A sufficient number of Srrows: should’ be used to definitely indicate 
the linc but do not use more than is necessary, When a boundary is 
indefinite, indicate it with short dashed lincs. .Where a boundary 


line lies within a shadow, the supervisor should carefully identify 


and indicate the line on the photograph, Indefinite boundaries, 
indicated by da ishod lines, will not require arrows drawn to them. 

Do. not. cutline the entire boundary of the farm or ficld. Mark the t 
photograph only to the extent necessary to permit identification of 

the boundary of each ficld' or farme AR 


(1) Farm boundaries. 


A red pencil should be used for placing the arrows or dashed 
lines on the photograph for indicating farm boundaries 


(2) Identification of field boundaries. 


ep A | A A ER NR 


Each field and subdivision of fields used for crops or fenced 
non-crop open pasture land, so as to require separate identi- 
fication under Part VII or Part X of ECR-B-102, should be 
identified and the boundaries indicated. Use ae blue pencil 
to show field boundaries. By "field boundary" is meant the 
edge of cultivated ereas and not the Horie? field divisions 
such as fences, streams, edge of woods, etc. 


Insert a letter on the, photograph near the center of each 
field with blue pencil using printed capital letters A, B, 
C, D, ete. When the area of agfield as sovsmell that it 
is impractical Go anéeer: the field Letter and acreage 
figure within its boundaries, place these data outside the 
ea and draw an arrow to the center of the field, thus:- 
A- ti 
es 
Where the actual field or crop divisions for 1957 cannot be 
identified on the photograph or where field divisions in 19387 
are not the same as when photographs were taken, the supervisor 
should make sufficient ground measurements from features which 
can be identified on the photograph, to show the correct 1037 
field or crop divisions accurately on the photograph. For 
this purpose, use a sharp-pointed blue pene Les Utmost Gare 
should be. exercised by the supervisor in 1 plotting Pied rg vac 
sions as the accuracy of these divisions will tater affect 
the accuracy of determining the acreage of cach ficld from 
the photograph. Every effort should bo mado to hold so a 
minimum the marks and notations made on the photograph. A 
record of measurements and notations on a supplementary sheet 
should be submitted -to the county office in cases where it is 
necessary to plot ficld divisions which cannot be identified 
on the photograph. 


(e) Indicating small areas. The foregoing will apoly to arcas Large 
enough to be taken directly from the photographs. The following 
applics to small areas. 


(0) Conditions will sometames oxist where a small portion of 
field will be planted ina eee crop than the main crop 
ofthe field, on loft.cjumenltivetcd... The. uncultivated arcas 
may be occupied by rock outcroppings, ditches, sink holes, 
stumps, trees, ctc. Such small portions may be located at 
the end of the edge of the ficld or Sliscewhcere within its 
boundarics. rf 


F aa 
rae) 
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The acreages of oll suei small-orcas should be determined 

by the supervisor from ground. mofsurements made at the time 
of his inspection. The suporvisor should indicate jon sige 
photograph the acreage and tho location of these small arcas, 
outlining them as accuratoly as possible. 


(3) When any such’small area is plantcd to a crop, the acreage 
of which is’ to be considered in determining the payment for 
the farm, it should be givon a subdivision letter and number 
and this’ designation and’ the acreage should be placed on the 
photograph near the arca, with ah arrow drawn to tho areca 


(4) In the case of small uncultivated arcas, placo the acreage 
figure near tho area and draw an arrow to: the area. This 
acreage will be eset ten from thes aereage of che Larrer sia. te 
in which it appears. 

(5) Use a blue pencil for indicating the ficid letters and acreage, 


oO 


(6) In general, the longth of all ficld boundaries which measure 
one-tenth (1/10) inch or less on the photograph should be 
determined by ground moasurements. In caso: of long, narrow 
areas, the acreage of which is to be determined, the supervisor 
Should determine the narrow dimension by ground mcasurement. 
These dimensions, in fcot or links, should be clearly indicated 
on the photograph in smell figures immediately adjacent to the 
line moasured, using a sharp-pointed black peneil for this 
purpose. In cases where it is impracticable to show the 
detail of these small areas on the photograph, a supplomontary 
sketch showing such details may be made on a scoparate piece woT 
paper. 


(7) - Before planimetering an arca where measuromonts have been 
madc, the distance indicated on the photograph should be 
scaled for agreement with the dimension given. In all cases, 
the indicated distance should be made to agree with the 
measured distance. 


Recording farm plial nd =: Picla aatan 


enn 


ae and Ticld data indicated on the photographs should be entered 

the proper forms. Before leaving the farm, the suporvisor should 
siaaetin.: examine the photographs and forms to make certain that all 
ossential informetion has beon recorded. This procedure will tend 
to prevent the nocessity of a return visit to the farm 


Overlapping photographs. 


On overlapping photographs, usc the center_of cach pring to the 
extent that is practical. The normal working area of a photograph 
is considered to be the central portion of the photograph bounded 


$ oa 


by lines which equally divide the overlapping areas of adjoining 

prints. It is permissible to work slightly over this, provided 

it is necessary to do so in order to complete the indicating of 

the boundary of a farm or field on'the same print. Complete the 
b showing of boundaries of a farm on one photograph whenever possible. 
When it is necessary to show part of a farm-on one photograph and 
the remainder on another, special care should be taken in the 
transfer of the boundaries from one print to the other. 


y 
See. 5, Determination of Acreage. 

Acreage of fields and total crop acreage will be determined, after 
identification of the farm and fields, by the use of planimeters or rotometerss 
This work will be done in the county office. 

(a) Operation of planimeters and rotometors. 

Instructions furnished for the use and care of each planimeter 
and rotometer should be carefully followed, Care and precision 
in the use of these instrusents cannot be over-emphasized, 
(b) Recording acreage Ff: Piguros 
Acreages determined for cach field on the farm should be recorded 
on the photograph with blue pencil following the ficld letter, 
_For oxample, if field (A) is 4 acres and fic 514 (B) is 8 acres, 
this information will appear on the photograph as A=4 and Be8, 
The field: letter followed by the acreage of the field (in blue) 
and the farm identification number (in red) are the only letters 
or figures to appear on the photogrmph. 
Acreage figures determined from, and ener on, the photograph 
should then be entered on the proper forms, 
,» Sece 4, Care of Photographs. 
ee (a) Handling of photographs in office. 
hd ee ee ee ee ee eee 
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The photographic material is of great value and must be given 
proper care. Safeguards should be provided in the filing and 

care of photographic material, tracings, and all material used 

in the mapping programe 

A filing case or box for keeping photographs and index sheets when 
actually not in use should be provided. Photographs should be 

ry protected from water and direct sunlight, and they should never be 
; rollod or folded. Keep accurate re scord of all photographs taken 
co field by supervisor, 


Sec. 


oe 


>) 


(c) 


Handling Unc ewe), 


A light but rigid board to which the chotograph may be clipved 
forming a. smooth flat surface should be eed by the supervisor 
in working on photozravhs in the field. thei Presdvood" 
is considered most satisfactory for this purvos A suitable 
cover of oil’ cloth or similar material should Pree ‘by the 
supervisor to protect the pnotograph from damaze. Photographs 


not in actual use should be kept in a suitable case or box. 


Marking On photo ogranphs. 


Use only red and blue vencils ("Winner", "Unigue" or "Seripto™) 
for marking boundary lines, identifying letters and acreaze 
figures on photogravhs. Jiale no other sotations on pnotosranphs. 


tracings. 


(a) 


(b) 


(c) 


where drawings of the indivicuel ferns are to be prevared, tnis 


may be done, in the case of the larger farns, by tracing directly 


from the cuotogreohs (at a scele of 1 inct: equals 650 feet). 2 
the case of smeller farms, the oreas may be enlergzed in conying, 

to a scale of 1 inch nets 330 feet, by the use of a pentozranh. 
If it is desired to have uniform sesles for ali fern trecin os the 
yantogrann should be used, enlarging all the tracts to a scale of 

1 inc: equals 300 feet. Instructions for the use of the pantograph 
will be provided. | 


It is essent oa tnat all tracings be accurate and neat. All 
rf 


lines forming eugles should stop at the intersection of tne lines. 
vy Ail tr 
4 a YAR OEE 
Correct Incorrect -- 


It is recommended that a 2H pencil be used on all. tracings. 

where the field or farm boundaries are irregular sucn as along 
creeks or very irregular field boundsries, free-hand mey be used 
but cere mast be token to follow the correct field or farm-line, 
rememberins that shadows sometizes obliterate the correct oosition. 
Do not follow elong shadows but détermine beforehand the exact 
location of the line te be fcliowec. When tra acing, place tne 
paper over the farm to be traced so that the north will be oe the 
top of tne sheet. Thus, ell photographs will nave the sam 
orientation in respect to north. An appropriate north errow 

must be located on ee cn. sheet. The county office will be informed 
&8 to how to orient the pnotesrapis. 


(d). Title Block: The title biliock should be placed in the lower 
right-hand corner, Ph Bed ale 


4 AGRICULTURAL CONSERVATION PROGRAM 


Application No, 61-017 


Index No. i. Bolo Photo.No,. 156-1 


——— te 


Ownerts Name John Doc 


a en a ee ee 


State Kentucky ~ County Bourbon 


Operator's Name John Smith 


ROCHULOM. Cc Wie (Sele. OL Paris. on River Road 


rn 


Planimetered by M. W. Brown Date 6-35-57 _ 


~——: 


Traced by A. ©. Robinson Date 6-9-357 


Scale: 1" = 6608 


a 


NOTE: Owing to the need for immediate work in connection with 
checking performance under the 1937 Agricultural Conservation 
Program, che pueperation of farm tracings or drawings,yat this 
time, is not recommended. Such tracings or drawings should be 
prepared later in the yoar, 
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Sec 6. Equipment Needed in Counties Usine Photosraphs. 


5 ee Ne rn S s nenno 


(a) 


() 


in_county office. : 


1. 


fae 


Suoervisor's 


Lt 


All available maps of ths county {to assist in the location 
of roads end farms}. 


Planimeters or rotometers (one or more). 

Pentograph (when ferm drawings are to be made). 

Three or four magnifying &lasses. 

One .photosranh filing case. 

One or more large tables, 

Suoply of red and blue pencils ("Winner", "Unique" or "Scripto™). 


Three or four 6-ines, flat, engineer's scales graduated to 
siftieths or hundredths of an inch. 


Tracing peper. 
eH pencils, graphite. 


Triangles - 30° x 609 (10"), ang 450 (5"), Three or four 
of each. 


er a pine 


supplies in field. 


Boerd, approximately 25" x 25", preferably “Masonite Presdwood" 
(on which to fasten photographs for work in field). 


Oil cloth cover for board. 
Case for carrying photovraphs. 
Red and blue pencils ("“Yinner", "Unique" or "Scripto"). 


One 6-inch, flat, engineer's scale graduated to fiftieths or 
hundredths of an incn. 


Masnifying glass, 


Sendpaver for sharpening pencils. 


Large binder clios (for fastening pnotoeravhs to board). 
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; UNITED STATES DEPARTMENT OF AGHI QULTURE re 
AGRICULTURAL ADJUSTMENT ADMINISTRATION 
EAST CENTRAL AND NORTHEAST DIVISIONS. 
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Cartographic Section , Pr) Cie 1097 
| eects U. 8. Deparimens of A griculture | 
} | 
EAST CENTRAL AND NORTHEAST REGION BULLETIN No. 103, PART IIL, SUPPLEMENT No. 1 
9 ’ Sat rete is CATA 3 
- (This supplement relating to mapping activities involving the use of aerial 
photographs in the Northeast Region is applicable only in the Northeast 
Region) 
USE OF AERIAL PHOTOGRAPHS IN DETERMINING PERFORMANCE 
FOR NORTHEAST REGION 
Bulletin ECR-NER B-103, Part III is hereby amended as 
follows: 
I 
The following paragraphs are inserted at the end of Section 
2 (f) of Part III: 
Field Letters Recorded on Form NER-102 
(1) The field letter assigned to each field 
pursuant to paragraph (2), subsection 
(a), Section 2 of this bulletin should 
be recorded on Form NER-102 for the farm, 
Section II column (A) on the same line with 
.ondimmediately following the name of the 
crop grown on the field in 1937, and also in 
' Section VII, colum (D), opposite listed 
' soil~building practices performed on that 
' field, if any. For example, in case the 
{ ivd? Crop on tields A, C, end 2 as "clover 


and timothy hay" and a soil-building prac- 
tice is performed on field E only, insert 

the letters A, C, E in Section II, column (4), 
item 15, immediately following the word "hay"! 
and insert the letter EB in Section VII, 
column (D), opposite the listed practice per- 
lorned) on field B. 


(2) Where one field in 1937 is used for more than 
one crop or soil-—building practice, the field 
letter should be inserted in column (A) of 
Section II and column (D) of Section VII of 

Af Form NER-102 following each such crop or 
practice. 


SLOW 5 
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The following paragraphs are inserted at the end of Sec-= 
(b>) of Part III: 


In the case of the Northeast: Region, acreage figures 
determined from, and recorded on the photograph should 
then be entered on Form NER-102, Section II, column (E), 
Opposite the crop name. The acreage fisure to-be re- 
corded in column (E) is the total acreage of fields for 
which identifying letters appear in column (A). Do not 
enter the acreage of any field in column (E) more than 
Once. , ae Shit east 

Use of Acrease Figures on Form NER-102. 

Acreage figures for each field on .the photograph and 

on Form NER-102 should be used in determining total 
cropland, soil-depleting base, soil-depleting acre- 
age, soil-~conserving acreage, soll-building allowance, 
and acreage of soil-building practices instead of 
acreage figures determined by measurement and estimate 
as outlined in NER-B-~102, Part VII, Sec. 4. 


} 
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INSTRUCTIONS FOR USE OF THE PLANI METER 


August, 19357 


These instructions are part of a series 
designated as ECR-NER B-103, relating 
to mapping activities involving the use 
of aerial photographs. 
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INSTRUCTIONS FOR USE OF THE PLANIMBTER 


a 
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SiCg eile Care of the Instrument: 


S€Ce Ce 


(a) 


The instrument should be lifted only by its arms and care should be 
taken that, in handling, the instrument is not lifted or moved by 
touching either the vernier, measuring roller or counting wheel, The 
axle and the roller of the measuring roller are extremely sensitive 
parts of the instrument. The roller edge should be protected from 
the possibility of blows or scratches by the careful removal of all 
hard objects from its path (rulers, glass plates, etce) by the clcoane= 
ing away of all dust from the paper, and all serious creases in the 
paper should be removed before the instrument is set upe 


The instrument when not in use should not be permitted to lay out of 
its case, thereby exposing it to dust, oxidation and accidental blows, 
but should always be replaced in its case immediately after use. To 
drop the instrument mey result in a total loss of its usefulness, 


By careful observance of the foregoing, the plenimeter should give long 
and accurate service, with an occasional check for accuracy in readings, 
No adjustments should be necessary, If the establishing of a correction 
factor (as explained in’Sec. 3) should become necessary, and this does 
not correct the reading, the instrument should be returned for repair 

or recalibration, 


Operation 


To obtain the area of a given field from a photographic enlargement, 
set the weighted arm (pole point) outside the field in such a position 
that the tracing point can reach the whole boundary. Test this by 
quickly running the tracing point around the area, It is productive 


of more acevrate results if the two arms of the planimeter are at 


approximately right angles to each other when the tracing point is 
near the ceuter of the area to be planimetered, 


Set the tracing point on the boundary of the area to be measured, 
preforab?y at one of the corners. Make a slight indentation with the 
tracing point to exactly fix the point of beginning and endings 


Take the reading of the instrument as it stands on the starting point. 
Do not set the planimeter at zero, as this has a tendency to create 
wear on the bearings and produce a flat spot on the whvel, thus causing 
errors in the work. Furthermore, it is more difficult to set the 


‘ instrument on zero than to read it accurately as it stands. 


(d) 


Follow the boundary line very accurately with the tracing point with 
the aid of a straight edge or triangle, from the initial point of 
beginning, moving clockwise until the point of beginning is again 
reached, In case of curved or irregularly shaped boundarioes, follow 
the boundary line with the tracing point, very carcfully, without the 
use of avetraight edge or triangle, 


(e) Read the counting wheel and the vernier. 


(Sy Asta eneels) repeat the operation described in the foregoil 


(g) Multiply the resultant average reading in square inches by the 


(h) When the area is ‘too large to follow these directions, subdivide - 


‘Sec. 


(a) Object. The.object of this testis to determine rivtey correction fa 


(b) Method. The rectangular area, exactly 4" x 8", is laid off accurate 


‘OS. Determination of Correction Factor 


Per an. instrument to secure exact results. ‘The srefore, the correctio: 


the reading taken at the starting point and the :rooieele 
area of the sks in square inches or fraction phe Naas 


two Meadi aes are in close agreement, they may be averaged 

as the area of the field. If the readings do not closely ag 
more additional readings should be taken (depending upon the 
variation in the readings) and the average of the ee 
used as the area of the field. : 


representing acres per square inch at the scale of the. enlarge 
the resulting figure gives the area in acres of the field plan 3 
Pie 


convenient areas and measure each separately. 


1? any, of a given planimeter. 
A correction factor is a quantity which must be considered aaa the 
factor is the vatio of the AVERAGE READING divided by the TRUE AS 


Symbol for oorrection factor is kK, 


* : ae 
on drawing paper. The instmunent is connectcd at the free joint. — 


pole point of the planimeter is placed on the outside of the rectar 
The position of the pole point must be so selected that the trecing ; 
arm may fully cover the rectange in question. The cdges of the 
rectangle are traced with the tracing point of the planimeter, 
a triangle as a guide for straight line tracing. 


Five separate readines are made and each iffividual ener Lei 
The tracing is always done in a clockwise direction. 


The mean reading is ecaleulated and recordéd. 


The mean reading of the planimet: sr for the rectan nede is divided 
TRUE AREA ‘and’ the quotient is recorded. The reciprocalyomaga 

is then calculated (that is, the quotient is divided into 1) 
the correction factor (K) for the instrument. 


When the correction factor (K) is determined , Lakes aise w helt 
readings of that planimeter. The averagco reading LOT each a: 
multiplied by the factor (K) to obtain the correct area, in 
inches. 
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‘TRUE AREA (4" x 8") = 32 sq. in. 
Average Resdingi= 52.2 Sq.) in. 


Average Reading 32.1 +- TRUE AREA 32.0 = 1.00351 


Reciprocal of 1.0031 or Correction Factor (K) = ae 0.9969 
BAe 


Average Reading 32.1 x Reciprocal 0.9969 = Corrected Area 32.00 
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